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EP 0517 669 B1 

Description 

The present invention concerns miaoencapsulated agrocherrdcals, compositions containing them and processes 
for tlieir production. 

When putting agrochemlcals In a suitable form for application, fbrmulations are desirable which optimize the effect 
of the active ingredient on the target organism whilst at the same time minimizing its effect on the environment, partic- 
ularly with respect to animals and plants which are not targeted. One such formulation technique which in recent years 
has been extensively investigated with respect to agrochemlcals is microencapsulation. Various techniques for micro- 
encapsulation have been known for some time particularly in connection with pharmaceuticals and dyestuffs. Examples 
of such techniques are desaibed eg in EP 148.1 69; USP 4,417,916; USP3,577.515; USP 4.354,783; USP 4,557,755; 
USP 4.105,823: USP 3,516,941 ; EP 252.896; USP 4,601 ,863; USP 4,898.696. 

A particular problem encountered with certain agrochemlcals especially herbicides when applied to the soil is their 
tendency to leach rapidly from the target zone when subjected to rainfall or irrigation particularly in lighter soils which 
include coarse to moderately coarse texture soils and soils of low organic matter content e.g. < 2.0 weight % organic 
matter. This problem usually precludes or restricts tiie use of such agrochemlcals for preemergent application. Thus in 
the case of a herbicide suffering from this drawback, persistence in the soil zone where germination of early weeds 
occurs can only be achieved, if at all, by repeated application or application at higher rates which increases the risk of 
damage to young crop plants or is uneconomical and environmentally undesirable. 

In spite of tiie existence of many varied microencapsulation techniques. In some cases for decades, it has until now 
not been possible to provide a commercially viable microencapsulated form of such rapidly leaching agrochemicals 
which will achieve the four main objectives of maintaining weed control, reducing leaching below the targeted soil zone, 
increasing persistence in the soil, particularly tiie weed seed germination zone, and preventing crop injury. 

It has now surprisingly been found that excellent results can be obtained by microencapsulating a rapidly leaching 
agrochemical in a crosslinked polyester polymer. 

The present invention tiierefore provides a process for microencapsulating a rapidly leaching agrochemical com- 
prising the steps of 

a) dissolving or suspending the agrochemical in a nonaqueous liquid mixture comprising unsaturated polyester 
resin and vinyl monomer; 
30 b] emulsifying said solution or suspension in water to a desired particle size; and 

c) effecting crosslinking of tiie unsaturated polyester resin and vinyl monomer to produce the microcapsules. 

Another aspect of the invention concerns an agricultural composition comprising a rapidly leaching agrochemical 
microencapsulated in an unsaturated crosslinked polyesterA/inyl polymer together witii an agriculturally acceptable car- 
35 rier. 

A further aspect of the invention concerns a method of controlling undesirable pests or plant growtfi which com- 
prises applying to the locus or anticipated locus of said undesirable pests or plant growtti an effective amount of a rap- 
idly leaching agrochemical microencapsulated in an unsaturated crosslinked polyester/vinyl polymer. 

Microencapsulation according to tiie invention is particulariy suited for agrochemicals where tiie usual locus of tiie 

40 pests or undesired plant growth to be combatted is in tiie upper layers of the soil. Microcapsules according to the inven- 
tion can also be used in watery loci such as mosquito breeding areas or paddy fields. 

Microencapsulation according to the invention is especially suited to agrochemicals where rapid leaching woukl 
normally preclude or restrict pre-emergent long lasting application. Examples of such agrochemicals are those contain- 
ing a carboxylic acid group. Preferred examples of such compounds are herbicides particularly pre-emergent herbi- 

45 cides such as benzoic acid and phenoxycartjoxylic acid derivatives e.g. dicamba, MCPA. 2,4-D. Examples of other 
herbicides which may benefit from encapsulation according to the invention include glyphosate, alachlor. acetochlor, 
metolachlor, chloropyridine carboxylates such as pidoram, and 2-chloro-N-[1-metiiyl-2-methoxy]-N-(2,4-dimetiiyl-thien- 
3-yl)acetamide, which is described in US Patent No. 4.666.502. 

The agrochemical may be in a solid crystalline or amorphous form or in liquid form, e.g. an oil. It is preferred that / 

50 the agrochemical is soluble in tiie non-aqueous liquid comprising the unsaturated polyester resin and vinyl monomer 
and preferably only sparingly soluble in water. However, soiki agrochemicals that are insoluble in tiie non-aqueous liqr 
uid comprising the unsaturated polyester resin and vinyl monomer may be encapsulated by grinding to an appropriate 
particle size and dispersing in tiie non^aqueous phase. Additionally liquid or solid agrochemicals witii appreciable water 
solubility may also be encapsulated In the non-aqueous liquid comprising the unsaturated polyester resin and vinyl 

55 monomer if the aqueous phase is saturated with the agrochemical to prevent extraction from the non-aqueous phase. 
The agrochemical should be inert to free radical vinylic polymerization reactions and specifically should not contain 
vinylic groups. 

Suitable forms of the aforementioned hertDicides include the free add, inorganic salts and amine salts. For tiie 
example of dicamba. tiie fre acid, tiie iron, cobalt, nickel, manganese, zinc, ti'iamylamine, dimethyldodecylamine and 
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dimethylhexadecylamine salts are soluble In the nonaqueous liquid comprising the unsaturated polyester resin and 
vinyl monomer and sparingly soluble In water. The aluminum salt of dicamba which is sparingly soluble in both water 
and the non-aqueous liquid comprising the unsaturated polyester resin and vinyl monomer, may be microencapsulated 
by dispersing the aluminum salt in the non-aqueous phase prior to dispersing the latter in the aqueous phase. Further 

5 water soluble salts such as lithium, sodium, potassium, magnesium and calcium salts of dicamba. may be microencap- 
sulated by dispersing the salt in the non-aqueous liquid comprising the unsaturated polyester resin and vinyl monomer 
prior to dispersing the latter In an aqueous phase saturated with the same salt. The free acid and iron salt forms of 
dicamba, MCPA and 2.4-D are the preferred forms. Salts can be prepared in conventional manner. 

Unsaturated polyester resins and crosslinked forms thereof with vinyl monomers as well as their preparation are 

10 known from the art e.g. KIRK-OTHMER Encyclopedia of Chemical Technology. 3rd ed. v. 18 pp. 575-594 which is 
incorporated herein by reference. They are macromolecules with polyester backbones derived from the interaction of 
unsaturated acids or anhydrides and polyhydric alcohols. They are mixed with vinyl monomers and may then be cured 
with free-radical initiators. The generation of free radicals from initiators may be facilitated by promoters or accelerators, 
by radiation e.g. UV radiation or by heating. Detailed examples of each of these components are provided in the above 

75 mentioned reference. 

The choice of acid, alcohol, vinyl monomer, initiator, eta, will be dictated as a rule by the nature of the product to 
be encapsulated and the desired properties and characteristics of the end-product. In the present invention an unsatu- 
rated polyester resin comprising fumaric and isophthalic acid with a glycol e.g. ethylene glycol is prefen^ed. Such resins 
are often available in premixed commercial forms of unspecified detailed composition such as AROPOL^** resins (Ash- 

20 land Chemicals), eg AROPOL™ 7242T-15, AROPOL^ 7241. The resins may already contain suitable promot- 
ers/accelerators preferably metal carboxylates e.g. cobalt carboxylates. or tertiary amines ag. dimethyl aniline, but may 
also contain quaternary amine salts, strong acids or bases or clays. 

Suitable vinyl monomers include styrene. divinylbenzene, vinyltoluene, alpha-methytstyrene. diallylphthalate and 
acrylates. The preferred vinyl monomer for use according to the invention is styrene. The vinyl monomer e.g. styrene is 

25 preferably present in the liquid resin at a concentration of from 25% to 60% by weight. 

As discussed, curing of the resins is accomplished using an initiator that produces free radicals. It is prefen'ed that 
such initiator be soluble in the non-aqueous liquid comprising the unsaturated polyester resin and vinyl monomer and 
be sparingly soluble in the aqueous phase. Examples of such preferred initiators include peroxyacids e.g. benzoyl per- 
oxide, ketone peroxides e.g. methyl ethyl ketone peroxide, perpxyketals e.g. 1,1-di(tert-amyIperoxy)cyclohexane (USP 

30 90MD™, Witco). peroxyesters e.g. 2,5-dimethyl-2.5-di(2-ethylhexanoyl peroxy)hexane (USP245™, Witco), tert-butyl 
peroxy benzoate {ESPEROX—10, Witco), hydroperoxides e.g. cumene hydroperoxide, peroxycarbonates e.g.tert- 
butyl peroxy-2-ethylhexyl carbonate (ESPEROX™ G-496, Witco), dialkyl peroxides e.g. di-tert-butyl peroxide or azo 
compounds e.g. 2.2-azodiisobutyronitrile (FIGEL^AZDN. Sherex). Water soluble free radical initiators such as hydro- 
gen peroxide or persulphate salts may also be employed but are generally not pretended for suspension polymeriza- 

35 tions. The various free radical initiators may be used singly or in combinations. One or more of tiie above mentioned 
promoters may be employed to aid in the generation of free radicals or the reaction may be simply heated to cause tiie 
initiators to generate free radicals, with or wittiout the presence of promoters. Many of the above initiators are commer- 
cially available and are offered as formulations dissolved in or diluted by appropriate solvents such as dimetiiyl phtha- 
late or mineral spirits. / 

40 In some cases curing may also be effected using UV light or other radiation such as X-rays. 

Depending on the properties rec^ired of tiie microencapsulated product it may be desirable to dilute the unsatu- 
rated polyester resin/vinyl monomer with an appropriate nonvolatile solvent, oil or plasticizer. Examples of such diluents 
includes phthalate esters e.g. dimethyl phthalate or dioctyl phthalate (Unocal Chemical Co.), glycol dibenzoates e.g. 
Benzoflex 9-88 (Velsicol Chemical Co.). alkyl aromatics e.g. T500-100 (Tenneco) or Aromatic 200 {Exxon Co.), or 

45 fatty acid esters e.g. metiiyl caprylate (Quantum) or metiiyl oleate (Emery). 

In tiie emulsif ication phase of tiie process according to the invention the conditions are chosen such as to obtain 
the desired particle size which is preferably from 0.1 to 2O0O micrometers, especially 2 to 100 micrometers. This is 
achieved by dispersing the oily phase in water using a suitable mixing or blending device such as a Waring blender or 
an Ika disperser. 

50 Advantageously the water may contain a surfactant or more preferably a dispersant. Examples of suitable di^er- 
sants are polyvinyl alcohols (e.g. Vinol®. Airvol®: Air Products), lignosulfbnic acid salts (e.g. Reax®, Polyfon®: West- 
vaco), poly(metiiylvinylether/maleic acid) (Gantrez®, Agrimer VEMA®: GAP), polyethyleneoxide/jaolypropyleneoxide 
block copolymers (e.g. Pluronic®: BASF), or naphthalene sulfonate-fbrmaldehyde co-polymer (Daxad®: Grace). 
The amount of active ingredient to be incorporated in the microcapsules will vary according to the final product 

55 desired, however, it has been found that amounts of up to 50% by weight of a.i. may be successfully microencapsulated 
with ease. The active ingredient content of tiie microcapsules may be determined by extraction with a suitable solvent 
and analyzing the resultant solution by HPLC using either an internal or external standard. 

The microcapsules may be isolated from tiie reaction by conventional techniques e.g. by filtration, by centrifugation 
and/or by drying (e.g. spray drying) or may be left suspended in the aqueous phase. 
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To facilitate application the microcapsules of the invention may be formulated in conventional manner, by simple 
spray<lrying or .g. as dusts, granules, solutions, emulsions, wettable powd rs or flowables, suspensions and the like 
with conventional carriers and optionally other adjuvants. Solid formulations are preferred. Such fomulated miaocap- 
sules may be prepared in conventional manner e.g. by mixing, spray-drying and the like. 
5 Application of the microcapsules of the present invention is made according to conventional procedure to the 
weeds or pests or their locus using an effective equivalent amount of active ingredient. 

In the case of commercial available products, the effective amount will be based on the a.i. content and release pro- 
file of the microcapsule to correspond to the known effective application rate e.g. in the case of dicamba 0.05 to 2 Ib/ac 
(approximately 0.055 to 2.2. kg/ha), especially 0. 1 to 1 ib/ac (approximately 0.11 to 1 . 1 kg/ha). The optimum usage of 
10 the microcapsules of the present invention is readily determined by one of ordinary skill in the art using routine testing 
such as greenhouse testing and small plot testing. 

For example, in the pre-emergent control of weeds a half-life of from 7-60 days, preferably 40-60 days would be 
desirable (time required for 50% of a.i. to be released from the microcapsule}. 

Suitable formulations contain from 0.01 to 99% by weight of active ingredient equivalent from 0 to 20% of surfactant 
IS and from 1 to 99.99% of solid or liquid diluent(s). Higher ratios of surfactant to active ingredient are sometimes desirable 
and are achieved by incorporation into the formulation or by tank mixing. Application forms of a composition generally 
contain between 0.01 and 25% by weight equivalent of active ingredient. Lower or higher levels of active ingredient can, 
of course, be present depending on the intended use, the physical properties of the miaocapsules and the mode of 
application. Concentrate forms of a composition intended to be diluted before use generally contain between 2 and 90% 
20 preferably between 5 and 81% by weight equivalent of active ingredient. 

The miaocapsules covered in tfiis invention may also be used to encapsulate cydodextrin or other macrocyclic 
complexes of agrochemicals. 

Agriculturally acceptable additives may be employed in tiie composition to improve performance and to reduce 
foaming, caking and corrosion, for example. 
25 "Surfactant" as used herein means an agriculturally acceptable material which imparts emulsifiabiiity, spreading, 
wetting, dispersibility or other surface-modifying properties. Exanrples of such surfactants are naphtiialene sulfonates, 
sulfbsuccinates. alkylsulfbnates, fatty ester sulfates, etiioxylated alcohol sulfates and sulfonates, fatty alcohols, ethoxy- 
lated alcohols, glycerides and fatty acids and phosphated esters, ethers, alcohols or acids. 

"Diluent" as used herein means a liquid or solid agriculturally acceptable material used to dilute a concentrated 
30 material to a usable or desirable strength. For dusts or granules It can be e.g. talc, clays, diatomaceous eartii. cellulose, 
starch or fine organic matter such as ground corn cobs or grain hulls. For liquid concentrate forms it can be eg vegetable 
oils, mineral oils (either aliphatic or aromatic) alcohols, ketones, ethers, esters or heterocyclic compounds, and for liquid 
application forms eg water or mineral or vegetable oils. 

Microcapsule formulations may optionally contain further active ingredient such as other herbicides, insecticides, 
35 acaricides. fungicides and tiie like. For example, it may be advantageous to formulate microcapsules according to the 
invention together witii the same or other active ingredient in unencapsulated form to achieve initial control prior to the 
onset of contiolled release from the microcapsules or to provide a wider or different spectrum of control than tiiat pro- 
vided by the miaoencapsulated material. Such unencapsulated material may be dry blended with the microcapsules, 
may be incorporated into water dispersable or nondispersable granules along wltti tiie microcapsules or may be applied 
40 as a coating on tiie microcapsules eg via spray drying. Alternatively, premix or tank-mix of unencapsulated with encap- 
sulated material can be appropriate. 

Combinations of unencapsulated and encapsulated material should be formulated in amounts and applied at rates 
sufficient to achieve initial weed control without causing undue crop damage. In the case of dicamba, satisfactory 
results are achieved when the unencapsulated form Is applied at a rate ranging from about 0.125 to 0.25 Ib/ac (about 
45 0.138 to 0.28 kg/ha) whilst tiie encapsulated form is applied at a rate of up to about 1 .0 lb a.i7ac (about 1 .1 kg a.i7ha). 
Thus, suitable weight ratios for formulations containing unencapsulated and encapsulated mederiaJ eg dicamba range 
from 1 :8 to 1 :1 eg 1 :8 to 1 :4 or 1 :4 to 1 :1 unencapsulated: encapsulated a.i. 

As a further altemative a formulation may consist of a mixture of microcapsules having various pre-polymer to a.i. 
weight ratios. 

50 Combinations mentioned above can allow for effective, continuous control over periods as long as 1 to 75 days. 
The following examples Illustrate the Invention. Temperatures are given In degrees centigrade. 

EXAMPLE 1 

55 Preparation of dicamba rrtcrpcapsules 

a) Preparation of aqueous phase : Dissolve 2.7 g Airvor-523 polyvinyl alcohol (Air Products) in 266 g distilled 
water by adding ttie Airvol™-523 to the stirred water at ambient temperature and warming with stin-ing to 80°C for 
ab ut 1 hour to complete tiie dissolution. Cool tiie solution to ambient temperature and add 1 .3 g Gantrez^ S-95 
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methyl vinyl ether/maleic acid copolymer (GAF) with stirring to the polyvinyl alcohol solution. Warm with stimng to 
80**C for about 0.5 hour to complete the dissolution. Cool to ambient temp rature for storage. 

b) Preparation of the non-aqueous phase : Dissolve 75.0 g of 90% assay technical dicamba acid in 195 g of 
Aropol^ 7242T-15 polyester/styrene liquid resin (Ashland Chemicals). Stirring and warming to 4O''-50''C conven- 

5 lently effects the dissolution. Cool to ambient temperature for storage. 

c) Preparation of microcapsules : Charge a 1000 ml stainless steel or glass Waring blender cup with 270 g of tiie 
above aqueous phase. In a separate container thoroughly mix 4.0 g of USP-245® peroxyester (Whitco) with 270 g 
of the above non-aqueous phase. Begin blending the aqueous phase at about 20% of maximum speed and add 
the non-aqueous phase to tiie aqueous phase Increase ttie blending speed to about 50% of maximum and blend 

10 for about 8 minutes. Stop the blender and transfer tiie resulting suspension to a glass or stainless steel reaction 
flask. Add 5.4 g of Reax^ 88B lignosuHbnate (Westvaco). Stir the mixture and wami to 70<'C for 4 hours. Cool to 
ambient temperature. 

d) Measurement of particle size : The average particle size and particle size distribution of tiie above preparation 
may be measured by standard techniques such as: optical or elect^on microscopy, light scattering or conductomet- 

IS ric measurementa 

e) Control of particle size : The average particle size and particle size distribution may be convenientiy controlled by 
known techniques such as by the rate of shear provided by tiie blender or mixer and by the concentration and type 
of dispersants employed. See R. Arshady and A. Ledwitii, Reactive Polymers. 1 . p. 1 59-1 74 (1 983), Lj. M. Djakovic, 
RD. DoWc and I.B. Safer. J, Dispersion Sgj^ncQ ar^d Technology 10(1), p, 59-76 (1989) and J.M. Church. Chemical 

20 Enqineerinq. p. 79 August 1 (1966). 

f) Measurement of completeness of crosslinMnq : Unreacled styrene monomer may be conveniently measured by 
azeotropicaily distilling tiie styrene from a sample of tiie reaction suspension. For the above example, a 250 ml 3- 
neck flask is charged with a 50 g sample of tiie reaction mixture along with 50 g of distilled water. The mixture is 
warmed witii stirring to lOO^'C. The styreneAwater azeoti-ope is collected at 93.9''C tiirough a short path distillation 

2s head. The distillation is continued until water is collected at IGO'^Q The styrene may be convenientiy measured 
using a graduated collection flask. 

g) Concentration of active ingredient in microcapsules : In the above example the concentration of dicamba in the 
microcapsules was 25% by weight of the AROPOL^" 7242T-1 5. This concentration may be increased or decreased 
as desired. The concentration may be increased by simply dispersing finely divided solid dicamba in liquid polyes- 

30 ter/styrene resin at tiie desired concentration such that some is dissolved and some is dispersed as solkJ particles. 
It is prefenred however tiiat all of tiie dicamba be dissolved in the liquid polyester/styrene resin prior to fdrmatbn 
and cross-linking of the microcapsules. This may conveniently be accomplished by warming the mixture of 
dicamba and liquid polyester styrene resin so as to Increase the solubility of dicamba. Th'^ is illustrated in Example 
2, 

35 

EXAMPLE 2 

Preparation of dicamba microcapsules 

40 a) Preparation of aqueous phase: Dissolve 2.50g of Airvor"-523 polyvinyl alcohol (Air Products) and 1 .25g of Gan- 
trez"*S-95 methyl vinyl etiier/maleic acid copolymer (GAF) and I.OOg Reax™915 lignosulfonate (Westvaco) in 
195.25g of distilled water by adding the solkls to the water at ambient temperature w'rth stirring. Complete dissolu- 
tion by warming to BO^'C with stirring for about 0.5 to 1 .0 hours. Hold at 80°C. 

b) Preparation of the non-aaueous phase: Charge a 500 ml cylindrical flask with 1 00 .Og of 90% assay dicamba acid 
4S and 1 0O.Og Aropol™7241 polyester^rene liquid resin (Ashland Chemicals). Warm witti stirring to SO^'C to dissolve 

tiie dicamba acid. Hold at 80''C. 

c) Preparation of the microcapsules: WNIe stirring tiie non-aqueous phase at SO^'C add 4.0g of Esperox™10 tert- 
butyl peroxybenzoate (Witco). Stir for 3.0 minutes to ensure even dissolution. Stop the stin-er, add the above 200.0g 
of aqueous phase and disperse the non-aqueous phase in the aqueous phase using the Ika S25N-25F Ultra-Tur- 

50 vax™ disperser operating at about 45% of maximum speed for 2.0 minutes. Remove tiie dispersing tool and con- 
tiriue stirring tiie reaction at QO^'C for 1.0 hour. Cool to ambient temperature. Control and measurement of particle 
size and determination of completeness of polymerization may be achieved as described abova 

EXAMPLE 3 

55 

Aggav fer agtivg ingredient content 

The active ingredient content of tiie microcapsules is detemiined by extraction with a suitable solvent and analyzing 
the resultant solution by HPLC using either an internal or external standard, for example in the case of dicamba acid 
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encapsulated in AROPOL^ 7242T-15 6.1 to 0.4 g of capsules are suspended In 100.0 ml of methanol and shaken for 
1 to 24 hours. The extracted capsules are allowed to settle and 20.0 ml of clear supernatant drawn by pipet. An appro- 
priate internal standard such as a halophenol or halobenzoic acid preferably para-bromophenol is added and the 
extract analyzed by HPLC. Suitable instrument operating parameters include a 4.6 mm x 150 mm C^s reverse phase 

5 column, eluting with a mobile phase initially comprising 60% of 2% aqueous acetic acid and 40% methanol pro- 
grammed to 90% methanol over 20 minutes, at a flow rate of 1 .0 ml per minuta Using an ultra violet detector at 280 
nanometers dicamba is detected at 9.6 minutes and para-bromophenol at 12.5 minutes. Alternatively fbr example in the 
case of dicamba acid encapsulated in AROPOL™7241 suspend 0. 1 to 0.4g of capsules In about 90ml of tetrahydrofuran 
and add an appropriate amount of 3.5-dichlorobenzoic acid as an internal standard. Shake at ambient temperature for 

io 0.5 to 1 .0 hour. Withdraw about 5ml of sample and dilute with about 5ml of 1 :1 methanol/water. RIter and analyze by 
HPLC. Suitable instrument conditions include a 4.6mm x 150mm Cie reverse phase column, eluting with a mobile 
phase initially comprising 60% of 2% aqueous acetic acid and 40% methanol programmed to 90% methanol over 10 
minutes at a flow rate of 1.0 ml per minute. Using an ultraviolet detector at 280 nanometers dicamba is detected at 5.6 
minutes and 3.5-dichlorobenzoic acid at 12.5 minutes. 

15 

EXAMPLE 4 

Method fbr measuring tiie rate of release from the microcapsules 

20 A convenient method fbr characterizing the rate at wh'ch tiie active ingredient releases from the miaocapsules is 
illustrated by tiie following example fbr dicamba: A quantity of microcapsules containing 0.005 g of dicamba is weighed 
into a 2 oz bottle and 50.0 g distilled water added. The sample is placed in a constant temperature bath at SO'^C and 
shaken at 100 oscillations per minute. At various times 3 ml aliquots are drawn from the sample and filtered through a 
0.2 micrometer cellulose acetate membrane filter to remove the microcapsules. The filtered samples may tiien be ana- 

25 lyzed by HPLC against an external or internal standard. 

EXAMPLE 5 

FQrmyil^tiQn ^$ ^NeW^ powcjer 

30 

The fbllowing components are combined to yield a wettable powder. 

a) Microcapsules according to Example : 94% 

b) Aerosol® OT-B (Sodium dioctyi sulfosuccinate: American Cyanamid): 3% and 
35 c) Monvet® D425: (Sodium naphtiialene fbmialdehyde condensate: Whitco): 3% 

The Inerts are preground before mixing with microcapsules to avoid capsule breakage. 

EXAMPLE 6 

40 

To 100 parts of the microcapsule slurry In Example 1 add 0.075 parts Kelzan®S xanttian gum (Keico division of 
Merck & Ca) and mix for 0.25 to 1.0 hour to disperse and dissolve ttie KeIzan®S. This will yield a microcapsule sus- 
pension concentrate that resists settiing by the particles and may be diluted easily witii water to yield a sprayable sus- 
pension. 

45 

EXAMPLE 7 

Evaluation of leaching characteristics 

. . / 
50 Glass leaching columns, 5-cm long and 9-cm diameter, are packed with soil to achieve a bulk density of approxi- 
mately 1 .4 g/cm^, which is similar to that in a field. The soil consists of 72.1% sand, and 1 6.9% silt and 1 1 .0% clay The 
organic nriatter content is 1 .8% and the pH is 7.5%. 

The columns packed with soil are first saturated with water by allowing about 400 mis of deionized water to leach 
through them. Excess water is allowed to drain out of the columns by leaving them undisturbed overnight. The soil sur- 
55 face in each column is tiien sprayed with 5-ml solutions of tiie formulations containing 2.5 mg a.e. (corresponding to 4 
kg a.e7ha) using an atomizer (3 columns fbr each formulation and 3 control columns). Treated columns are tiien 
leached with 85. 1 70. or 510 mis of water corresponding to 0.5, 1 .0, or 3.0 inches'* rainfall equivalent Th flow rate of 

*1 inch a 2.34cm 
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water is adjusted to approximately 1 ml/min. The leachate from each column is collected and analyzed using high per- 
formance liquid chromatography (HPLC) with the leachates from untreated control columns being used for calibration. 
After the first irrigation the columns are wrapped in aluminum foil to prevent excessive loss of moisture and to exclude 
light and incubated in a growth room set at 2A^C for 2 weeks and again irrigated. The procedure is repeated for a third 
s time following an additional 2 week incubation. 



Results 


irrigation amount 


form 


Amount of dicamba released (mg) 


% release of total applied 






1st irrigation 


2nd irrigation 


3rd irrigation 




0.5 Inch* 


A 


0.7 


1.3 


0.6 


104% 




B 


0.2 


, 0.9 


0.9 


80% 


1.0 inch* 


A 


2.7 


0.0 


0.0 


108% 




B 


0.4 


1.1 


0.1 


64% 


3.0 inch* 


A 


2.6 


0.1 


0.0 


108% 




B 


0.6 


0.7 


0.1 


56% 


A a Banvel® (dicamba (as DMA salt) in regular commercial form) 
B = Formulation prepared according to the method of Example 1 . 



*1 inch = 2.34 cm 



Claims 

30 

1 . A process for micro-encapsulating a rapidly leaching agrochemical comprising the steps of 

a) dissolving or suspending the agrochemical in a nonaqueous liquid mixture comprising unsaturated polyester 
resin and vinyl monomer; 
35 b) emulsifying sakJ solution or suspension in water to a desired particle size; and 

c) effecting crosslinking of tiie unsaturated polyester resin and vinyl monomer to produce the microcapsules. 

2. A process according to Claim 1 wherein the agrochemical to be encapsulated is soluble In tiie non-aqueous liquid 
mixture and only sparingly soluble in water. / 

40 , 

3. A process according to Claim 2 wherein the agrochemical is selected from dicamba; MCPA and 2,4-D. 

4. A process according to Claim 1 wherein the vinyl monomer is styrene. 

45 5. A process according to Claim 1 wherein the unsaturated polyester resin comprises f umaric and Isophtiialic acid 
with a glycol. 

6. A process according to Claim 1 wherein curing of tiie resin is accomplished using an initiator. 

so 7. A process according to Claim 6 wherein curing is accomplished by using an initiator selected from the group con- 
sisting of peroxyacids, ketone peroxides, peroxytetals, peroxyesters, hydroperoxides, peroxycartsonates, dialkylp- 
eroxides or azo compounds. 

8. A process according to Claim 1 earned out in tiie presence of a promoter selected from a metal carboxylate, a ter- 
55 tiary amine/a quaternary amine salt, a strong add or base or a clay. 

9. A process according to Claim 1 wherein the promoter is a cobalt carboxylat . 

10. A process accading to Claim 1 wherein the particle size of tiie microcapsules obtained is 0.1 to 2000 ^m. 
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1 1 . A process according to Claim 10 wherein the particle size of the microcapsules obtained is 2 to 1 00 ^m. 

12. Microcapsules comprising a rapidly leaching agrochemlcal microencapsulated in a crosslinked unsaturated poly- 
ester/vinyl polymer. 

13. An agricultural composition comprising a rapidly leaching agrochemlcal microencapsulated in an unsaturated 
crosslinked polyester/vinyl polymer together with an agriculturally acceptable carrier. 

14. A method of controlling undesirable pests or plant growth which comprises applying to the locus or antiopated 
locus of said undesirable pests or plant growth an effective amount of a rapjdiy leaching agrochemlcal microencap- 
sulated in an unsaturated crosslinked polyester/vinyl polymer. 

PatentansprQche 

1 . Verfahren aur Mikroverkapselung einer schnell auswaschenden Agrochemikalie, umfassend die Stufen. da6 man 

a} die Agrochemikalie In einer nlcht*wd(3rlgen f IDssigen Mischung enthaltend ein ungesdttlgtes Polyesterharz 
und VInylmonomer Idst Oder suspendiert: 

b) die LOsung Oder Suspension in Wasser auf eine gewQnschte TeilchengrdBe emulgiert und 

c) ein Vernetzen des ungesdttigten Polyesterharzes und des Vinylmonomers bewirkt. um die Mikrokapsein 
herzustellen. 

2. Verfahren nach Anspruch 1 , worin die Agrochemikalie. die verkapselt werden soli. In der nicht-waBrigen f IQssigen 
Mischung lOslich ist und in Wasser nur wenig Idslich ist 

3. Vedahren nach Anspruch 2. worin die Agrochemikalie ausgewdhlt ist aus Dicamba, MCPA und 2.4-D. 

4. Verfahren nach Anspruch 1 , worin das Vinyimonomer Styrol ist. 

5. Verfahren nach Anspruch 1, worin das ungesSttigte Polyesterharz Fumarsdure und Isophthalsdure mit Glykol 
um^Bt. 

6. Vedahren nach Anspruch 1 , worin das Harten des Harzes unter Venivendung eines Initiators erreicht wird. 

7. Verfahren nach Anspruch 6, worin das Hdrten erreicht wird unter Venvendung eines Initiators ausgewdhit aus der 
Gruppe bestehend aus Peroxysduren. KetonperoxIden, Peroxyketalen. Peroxyestern Hydroperoxiden, Peroxycar- 
bonaten, Dialkylperoxiden Oder Azoverbindungen. 

8. Verfahren nach Anspruch 1 , das in Gegenwart dnes Promoters durchgefOhrt^ird ausgewdhit aus Metallcarboxy- 
laten, tertidren Aminen. quaterndren Aminsalzea einer stari<en Sdure Oder Base oder Ton. 

9. Verfahren nach Anspruch 1 , worin der Promoter Kobaltcarboxylat Ist. 

10. Verfahren nach Anspruch 1 , worin die TeilchengrdlBe der erhaltenen Mikrokapsein 0,1 bis 2000 \sm ist. 

11. Verfahren nach Anspruch 1, worin die TeilchengrOBe der erhaltenen Mikrokapsein 2 bis 100 ^ ist. 

12. Mikrokapsein umfassend eIne schnell auswaschende Agrochemikalie mikroverkapselt in einem vernetzten unge- 
sdttigten PolyesteryVinyl-Polymer. 

13. Landwirtschaftllche Zusammensetzung umfassend eine schnell auswaschende Agrochemikalie mikroverkapselt in 
ein ungesattigtes vernetztes Polyester/Vlnyl-Polymer zusammen mit einem landwirtschaftlich annehmbaren Tra- 
ger. 

14. Verfahren zur Bekampfung von unerwQnschten Schadlingen oder RIanzenwachstum. das umfeBt, daB man auf 
den Ort oder den angenommenen Ort der unerwQnschten Schadiinge oder des RIanzenwachstums eine wirk- 
same Menge einer schnell auswaschenden Agrochemikalie, die in einem ungesattigten vernetzten Polyester/Vinyl- 
Polymer verkapselt ist, aufbringt. 



8 



Revendications 



EP 0 517 669 B1 



1 . Un proc6dd pour micro-encapsuler un produH chimique agricole k lesshage rapide caract6ris6 en ce que 

a) on dissout ou on met en suspension le produit chimique agricole dans un melange liquids non aqueux com- 
prenant une r6sine polyester insatur6e et un monom^re vinylique; 

b) on ^mulsifie ladite solution ou suspension dans i'eau jusqu'd une dimension des particules d^sir^e, et 

c) on effectue la reticulation de la r^ne polyester insatur^e et du monom^re vinylique pour produit les miao- 
capsuies. 

2. Un proc^e selon la revendication 1, dans lequel le produit chimique agricole k encapsuler est soluble dans le 
melange iiquide non aqueux et seulement faiblement soluble dans Peau. 

3. Un proc^6 selon la revendication 2. dans lequel le produit chimique agricole est choisi parmi le dicamba; le MCPA 
etle2.4-D. 

4. Un proc^d selon la revendication 1 , dans lequel le monom^re vinylique est le styr^ne. 

5. Un proc^e selon la revendication 1. dans lequel la r^ine polyester insatur^e comprend Tacide fumarique et 
I'acide isophtalique avec du glycol. 

6. Un proc^6 selon la revendication 1 , dans lequel le durcissement de la r^ine est effectu6 k I'aide d'un initiateur. 

7. Un proc^6 selon la revendication 6, dans lequel le durcissement est effectud en utilisant un initiateur choisi parmi 
les peroxyaddes, ies peroxyc^tones, les peroxyc^tals, les peroxyesters, les hydroperoxydes, les peroxycarbona- 
tes, les dialkylperoxydes ou les composd azoTques. 

8. Un proc^6 selon la revendication 1 effectu^ en presence d'un promoteur choisi parmi un carboxylate de m§tai. 
une amine tertiaire, un sel diamine quaternaire. un acide ou une base torts ou de I'argile. 

9. Un proc6d§ selon la revendication 1 , dans lequel le promoteur est un carboxylate du cobalt. 

10. Un proc^6 selon la revendication 1. dans lequel la dimension des particules des micro-capsules obtenues est 
comprise entre 0,1 et 1000 ^m. 

11. Un proc^d selon la revendication 10, dans lequel la dimension des particules des micro-capsules obtenues est 
comprise entre 2 et 100 ^m. 

12. Des micro-capsules comprenant un produit chimique agricole k lessivage rapide sous forme micro-encapsul^e 
dans un melange r6ticul6 polyester msatur6/t3olym6re vinylique. 

13. Une composition agricole comprenant un produit chimique agricole k lessivage rapide sous forme micro-encapsu- 
l§e dans un melange r^ticul^ polyester insatur§/polym^re vinylique, en association avec un v6hicule acceptable en 
agriculture. 

1 4. Une m^thode de lutte centre la croissance d'organismes ou de plantes nuisibles, comprenant Tapplication k la zone 
de croissance ou k la zone suppos^e de croissance des organismes ou des plantes nuisibles d*une quantity effi- 
cace d'un produit chimique agricole k lessivage rapide sous forme micro-encapsul6e dans un melange r§ticui§ 
polyester insatur§/polym^re vinylique. 
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